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In this paper we study the inclusive and diffractive double quarkonium production. Based on the
nonrelativistic QCD (NRQCD) factorization formalism for the quarkonium production mechanism
we estimate the rapidity and transverse momentum dependence of the cross section for the J/ΨJ/Ψ
and ΥΥ production in diffractive processes at LHC energies. The contributions of the color-singlet
and color-octet channels are estimated and predictions for the total cross sections in the kinematical
regions of the LHC experiments are also presented. Our results demonstrate that the contribution of
diffractive processes is not negligible and that its study can be useful to test the Resolved Pomeron
model.
I. INTRODUCTION
In a double quarkonium production a pair of mesons,
e.g. J/ΨJ/Ψ or ΥΥ, is produced in an independent
hadronic colision [1–3]. This subject is of great inter-
est since it makes it possible to investigate the models
that explain the process. At the LHC, due to the high
density of partons in the initial state, the probability of
a pair of mesons being produced in an independent col-
lision must be significantly large. Recent observations of
double J/Ψ production were made by LHCb [4, 5], which
allows the comparison with theoretical predictions.
In a pp collision one may have inclusive and exclusive
processes. The class of exclusive events include diffractive
reactions. Diffractive processes are those with no quan-
tum numbers exchange, where it is possible to observe
the presence of large, non asymptotically suppressed, ra-
pidity gaps separating the centrally produced particles
from the outgoing protons [6]. This type of reaction, in
opposition to the inclusive process, presents a very clean
signal in the final state which makes it possible to analyze
physical processes free of additional radiation contamina-
tion. It is believed that a high energy diffractive reaction
is mediated by a Pomeron exchange, which is assumed to
have a partonic structure [7].
In this contribution we investigate the inclusive and
diffractive double quarkonium production in pp collisions
at the Run 2 LHC energies. For the diffractive reaction
we study the single and double diffractive processes con-
sidering the Resolved Pomeron Model [7]. This model
assumes that the hard processes take place in a Pomeron-
proton or a Pomeron-Pomeron interaction. Based on the
nonrelativistic QCD (NRQCD) factorization formalism
for the quarkonium production mechanism [8] we esti-
mate the rapidity and transverse momentum dependen-
cies of the cross sections for the J/ΨJ/Ψ and ΥΥ produc-
tion. The contributions of the color-singlet [9] and color-
octet [10] channels are taken into account and predictions
for the total cross sections in the kinematical regions of
the LHC experiments are also presented. Our goal in
this work is to study the heavy quarkonium production
as a complementary analysis of diffractive processes and
of the Pomeron structure. In addition we compare the
magnitude of the inclusive cross section with the single
and double diffractive ones (see [11] for a more complete
study).
II. DIFFRACTIVE DOUBLE QUARKONIUM
PRODUCTION AND NRQCD
The single (double) diffractive process is characterized
by the presence of one (two) intact forward hadron and
one (two) rapidity gap(s), as well by a central object pro-
duced by the hard interaction and by soft particles, asso-
ciated to the Pomeron remnants which are characteristic
of the resolved Pomeron model.
In the NRQCD formalism [8], the cross section for the
central diffractive production of a heavy quarkonium pair
can be written as
dσ = 〈S2〉
∑
a,b,n1,n2
fDa/p ⊗ fDb/p ⊗ dσˆ[ab→ QQ¯[n1] +QQ¯[n2] +X ] · 〈OV 1n1 〉〈OV 2n2 〉 (1)
where 〈S2〉 is the gap survival probability and ⊗ repre-
sents the presence of a rapidity gap in the final state,
fDa/p and f
D
b/p are the diffractive parton distributions
from the colliding protons, and the coefficients dσˆ[ab →
QQ¯[n1]+QQ¯[n2]+X ] are perturbatively calculable short
distance cross sections for the production of the two
heavy quark pairs in an intermediate Fock state ni =
2S+1L
[i]
J (i = 1, 8), which does not have to be color neu-
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FIG. 1. Diagrams representing double quarkonium production in single diffractive (SD) (left panel), double diffractive (DD)
(middle panel) and inclusive processes (right panel.
tral. The 〈OVini〉 are nonperturbative long-distance matrix
elements (LDME), which describe the transition of the
intermediate QQ¯ in the physical state V via soft gluon
radiation. In the Color Singlet Model [12], only the states
with the same quantum numbers as the resulting quarko-
nium contribute to the formation of a bound QQ¯ state.
In contrast, in NRQCD, also color octet QQ¯ states con-
tribute to the quarkonium production cross section via
soft gluon radiation. For Single Diffractive processes one
have to replace one of the fD for the standard inclu-
sive PDF’s, fp, whereas for inclusive processes one has
two standard inclusive PDF’s. In our calculations we
will consider the fit B of the H1 parametrization for the
diffractive PDFs. Moreover, we assume that 〈S2〉 = 0.02
(0.05) for DD (SD) processes.
At high energies the double quarkonium production
is dominated by gluon - gluon interactions. In the fig-
ure 1 we present a generic diagram for the production
of a pair of heavy vector mesons in Single Diffractive
(SD) (left), Double Diffractive (DD) (middle) and in-
clusive (right) processes. In the SD diagram one has a
Pomeron-proton interaction, whereas in the DD diagram
one has a Pomeron-Pomeron interaction. The presence
of a Pomeron is responsible for one rapidity gap and one
outgoing proton in the final state. The second Pomeron
in the DD diagram doubles the number of rapidity gaps
and intact outgoing protons in respect to the SD process.
It is also necessary to consider the probability that par-
ticles resulting from the underlying events are not pro-
duced. This probability is represented by the gap survival
factor, 〈S2〉.
The differential cross section for double quarkonium
production (H1 = H2) can be written as
dσ
dydp2T
=
∫
xamin
dxag
D(xa, µ
2)gD(xb, µ
2)
xaxb
2xa − x¯T ey
∑
i=1,8
dσˆ
dtˆ
[gg → 2QQ¯i(3S1)] · 〈OVi (3S1)〉2 , (2)
where xamin =
x¯T e
y
2−x¯T e−y , xb =
xax¯T e
−y
2xa−x¯T ey , x¯T =
2mT√
s
and
mT =
√
M2 + p2T . Here M is the quarkonium mass,
pT its transverse momentum and y its rapidity. The
quarkonium transverse mass is taken as the hard scale
of the problem, with µR = µF = mT . Here, g
D(xi, µ
2)
are the diffractive gluon distribution functions from the
two colliding protons (for the inclusive gluon PDF we use
CTEQ6L [13]). Finally, dσˆ
dtˆ
in Eq. (2) are the hard scat-
tering differential cross sections. The Feynman diagrams
can be classified into two groups (Ref. [10]): (a) dia-
grams associated to the nonfragmentation contribution
(31 Feynman diagrams), with the leading contribution
being the color singlet (QQ¯)1(
3S1) + (QQ¯)1(
3S1) chan-
nel, and (b) diagrams associated to the gluon fragmenta-
tion contribution (72 Feynman diagrams), with the main
contribution associated to the color octet (QQ¯)8(
3S1) +
(QQ¯)8(
3S1) channel.
For the gluon-initiated color singlet contributions
(CSM), dσˆ
dtˆ
is calculated in Ref. [9]. One important
parameter is the quarkonium squared radial function at
the origin |R(0)|2, which is related to the leptonic decay
rate [14] as Γ(H → e+e−) = 4Ncα
2e2Q
3
|R(0)|2
M2
H
(
1− 16αs3pi
)
.
From recent PDG data [15] for Γ(J/Ψ → e+e−) and
Γ(Υ → e+e−), we obtain |RJ/Ψ(0)|2 = 0.53 GeV3 and
|RΥ(0)|2 = 4.6 GeV3 for the J/Ψ and the Υ, respec-
tivelly. For the charm and bottom quark masses we use
mc = 1.5 GeV and mb = 4.7 GeV, respectivelly.
For the color octet contributions, the differential cross
section dσˆ
dtˆ
for the gluon initiated partonic subprocesses
is calculated in Ref. [10]. In this case, the only rele-
vant NRQCD matrix elements are 〈OJ/ψ8 (3S1)〉 = 3.9 ×
10−3GeV 3 and 〈OΥ8 (3S1)〉 = 1.5×10−1GeV 3, taken from
[16]. For the J/Ψ, this value has been updated in a re-
cent fit to world data [17] which gives 〈OJ/ψ8 (3S1)〉 =
1.68 × 10−3GeV 3. Using this new value, our results for
the COM contributions would decrease by a factor 2.3,
which is inside the uncertainties of our results.
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FIG. 2. Rapidity distribution for double J/Ψ production (left) and double Υ production (right).
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FIG. 3. pT distribution for double J/Ψ production (left) and double Υ production (right) in single diffractive process.
III. RESULTS
In what follows we show our predictions for the pro-
duction of J/ΨJ/Ψ and ΥΥ in pp collisions at the Run
2 LHC (
√
s = 13TeV ) energies, which complement the
predictions presented in Ref. [18].
In figure 2 we present our predictions for the differen-
tial cross section distribution in rapidity for double J/Ψ
and double Υ. The inclusive process is also presented
for comparison. The rapidity distributions are flat at the
central region (y ≈ 0) and the results are dominated by
color singlet contribution. We have that for central ra-
pidities, the inclusive prediction is a factor 10 (103) larger
than SD (DD) prediction for J/ΨJ/Ψ production. For
ΥΥ the inclusive prediction is a factor 102 (104) larger
than SD (DD) prediction.
Our results for the pT distributions associated to the
single and double diffractive processes, are shown in fig-
ures 3 and 4, respectively. In the case of SD processes,
one have that the Color Octet (COM) contribution be-
comes dominant for pT ≥ 10 GeV for J/ΨJ/Ψ and
pT ≥ 20 GeV for ΥΥ. Similar behavior is also present in
the case of the DD processes. As we can see in the pT
distributions, the CSM is the most important mechanism
for the low pT region, being the large pT tail dominated
by the COM contributions. For the pT -integrated rapid-
ity cross section, only the CSM contributes.
In table I we also show our predictions for the to-
tal cross section (
√
s = 13 TeV) in different rapidity
ranges. In the first two lines we consider the rapid-
ity range |y| < 8. The following lines present the esti-
mates for the rapidity range probed by the LHCb detec-
tor (2 < y < 4.5).
IV. CONCLUSIONS
In this work we calculate the production of a J/Ψ pair
and a Υ pair via hard single and double diffractive pro-
cesses at LHC
√
s = 13 TeV energies. Considering the
NRQCD formalism we estimate the differential and total
cross sections for these processes. Our results demon-
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FIG. 4. pT distribution for double J/Ψ production (left) and double Υ production (right) in double diffractive process.
Inclusive Single Diffrative Double Diffractive
σJ/ΨJ/Ψ 28,3 nb 3.8× 10−1 nb 8.8× 10−3 nb
σΥΥ 52.3 pb 4.5× 10−1 pb 6.6× 10−3 pb
σJ/ΨJ/Ψ (LHCb) 6.04 nb 7.8× 10−2 nb 1.7× 10−3 nb
σΥΥ (LHCb) 10.4 pb 8.2× 10−2 pb 8.26 × 10−4 pb
TABLE I. The total cross sections of the single and double diffractive production of J/ΨJ/Ψ and ΥΥ.
strate that the contribution of diffractive processes have
non negligible orders of magnitude, and therefore this
study can be useful to test the Pomeron structure. With
respect to the inclusive production our results demon-
strate that the contribution of color singlet and color
octet processes are important in different kinematic re-
gions, and that these processes are feasible at the LHC.
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